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Abstract
The existence of a platform at the stratosphere is expected to be the role to gain a foothold in space. When the platform is employed
airship in, it is transported by advection due to its light-weight body. Thereupon, a mooring of platform is reasonable in order to
incarnate ﬁxed-point platform. Conception of a captive platform system is similar to the Rockoon one which rendered remarkable
services for the space observation of the early days. Therefore, the application of captive platform system to the launch site is
highly expected in order to realize the space transportation system with a large quantity and high frequency. In this study, the
motion of a captive platform system constructed from an airship and a tether is analyzed in order to ensure that the motion of a
captive platform system is practically incarnated. Moreover, the sensitivity of aerodynamic performance of the airship is observed.
Consequently, the practically incarnated motion of a captive platform system has been identiﬁed under the condition of the storm
environment. Furthermore, the reduction of the advection distance driven away by the storm has been quantitatively indicated
under the diﬀerent condition of aerodynamic performance of the airship.
c© 2014 The Authors. Published by Elsevier Ltd.
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1. Introduction
When the mooring of a platform at the stratosphere is considered, it is expected to be the role to gain a foothold
in space. Conception of a stratosphere platform is known to have been studied and developed by Japan Aerospace
Exploration Agency (JAXA) from 2003. Unfortunately, this research was a halfway development, however, its validity
is never lost. It is considerable that the most essential point of a stratosphere platform is supposed to become a launch
site for space transportation. That is, a conception of a stratosphere platform is similar to the Rockoon system[1]
which rendered remarkable services for the space observation of the early days at 50’s and 60’s. A captive-type
stratosphere platform is eﬃcient in order to take charge of the role of a launch site in behalf of the Rockoon system.
Recently, since the advantage to launch at the stratosphere is noted for the viewpoint of space transportation with
high frequency, the employment of airplanes has been tried[2, 3]. Although the upper limitation of the payload weight
in the existent airplanes is roughly 100 [ton], the employment of an airplane has the possibility of the primary manner
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for the space transportation with high frequency. The advantage of the manner using an airplane over the Rockoon
system is to initially reserve the kinetic energy due to near-sonic speed at the stratosphere. However, there are several
technical assignments regarding installation and separation to make the most of the above advantage. In addition,
since this kinetic energy can be converted into the Rockoon altitude of 5 [km] at most, a captive platform system can
cover the manner using airplane.
Moreover, a captive platform system can be applied to multidisciplinary regions such as agriculture[4], defense[5],
meteorology[6], environmental science[7], and telecommunication[8]. As the inﬂuence of the cloud can be ignored at
the altitude of over 10 [km], it is especially expected to be the role as the bridge between space and the ground. The
advantages of a captive platform system are that 1) the mooring of the platform can be performed with no thrust and
2) a platform does not have to deposit on the ground due to the existence of the tether. Tether can be utilized for the
transfer of payload, the electricity supply, and the replenishment of ﬂoating gas because tether itself becomes pipeline
and also climber can employ tether.
The goal of the conception is to ensure the captive platform system using an airship and a tether. As a ﬁrst step,
the geometry of airship is conceptually designed. Since the body of the airship will be membrane structure so as
to be downsizing and lightening, the manner and assignment of its manufacturing are clariﬁed after the concrete
geometry of airship is designed. As there should be the constraint that a platform is captive situation, the behavior
of the system constructed between an airship and a tether under the condition of severe weather will be estimated
in order to elucidate whether the system is practical. As a second step, the mission will be designed and also the
instruments for the mission requirement as avionics and climber should be developed. As a captive platform system
itself would like to be kept mooring at the stratosphere, transport manner using climber will be considered in order to
bear payload, ﬂaring gas, and other instruments. This step is for the concrete manufacturing phase. As a third step, the
reclamation of the market and the construction of the business model will be constructed in order to usefully utilize
the system. This assignment is a further step for engineering assignments. The standing point of the present study is
on the above ﬁrst step. In the present study, the eﬀects due to the distinction of the aerodynamic performance of the
airship will be focused. The motion of the system constructed by an airship and a tether is analyzed in advance in
order to implement the conceptual design of an airship and a tether. The objective of this analysis is demonstrating
the validity and possibility of a conception of the captive platform system using an airship and a tether. Moreover,
the eﬀect on the motion of the system that the distinction of aerodynamic performance on airship (it depends on the
geometry of airship) exerts will be quantitatively clariﬁed for the sizing of the airship.
2. Candidates of airship geometry
When a ﬁxed point is merely put on the stratosphere, a captive balloon is suﬃcient for its practicability so that
the operation can be simply performed. The problem to be unable to easily employ a captive balloon is the advection
distance of a captive platform due to the wind around the ground.
Figure 1. Typical geometries of axisymmetric[9] and hybrid[10] airships.
907 Kazuhisa Chiba et al. /  Procedia Engineering  99 ( 2015 )  905 – 910 
The previous stratosphere platform developed by JAXA had been being developed by using the axisymmetric
geometry like as representative airships[9, 11, 12]. Since an axisymmetric conventional airship should have thrust
and also it postulates the maintenance on the ground, the operability of the airship should be primary improved and
surmounted. Thereupon, a new design concept named as hybrid airship[13, 10] was proposed at the middle of 90’s.
Hybrid airship is the hybridization between airplane with lift and airship with buoyancy. That is, hybrid airship can
be considered as the airplane with no body weight. The airplane with no body weight can easily operate and it has
outstanding aerodynamic performance for not only cruising condition but also low speed one, whereas conventional
axisymmetric airship is necessary to perform complicated operations regarding loading and unloading ballast in order
to control its buoyancy. In addition, hybrid airship can be a smaller volume than a conventional one. The eﬀective
thruster and appropriate control under the conditions of high altitude and low speed are required in order to operate
it at the stratosphere as a platform. The aerodynamic characteristics in the references are employed for the input data
for the following analysis.
3. Analysis model for behavior of tether
3.1. Derivation of governing equation for motion of captive platform system
First of all, the governing equation as the equation of motion to describe the motion of the captive platform system
constructed by an airship and a tether will be derived. The coordinate shown in Fig. 2 is considered. An optional
vector of the wind which is operated against tether w is deﬁned on x-y plane. θ [deg] is the inclination angle of tether
on cutting plane. φ [deg] is the axis for wind direction on x-y plane, which is set to be counterclockwise from x axis.
The unit tangent vector for tether t is described as the following equation.
t =
dx
ds
i +
dy
ds
j +
dz
ds
k. (1)
ds denotes the inﬁnitesimal length of tether. Where, the following equations are geometrically described.
dx = ds cos θ cos φ,
dy = ds cos θ sin φ,
dz = ds sin θ.
(2)
Therefore, t is described as the following equation.
t = cos θ cos φi + cos θ sin φ j + sin θk. (3)
Figure 2. Coordinate for analysis of the the motion of captive platform system constructed by an airship and a tether. Blue line imitates tether.
908   Kazuhisa Chiba et al. /  Procedia Engineering  99 ( 2015 )  905 – 910 
Moreover, the tension of tether T [N] and θ [deg] are also geometrically described as the following respective equa-
tions.
dT
ds
= Dwxy sin θ cos θ −W sin θ, (4)
−T dθ
ds
= Dwxy sin
2 θ +W cos θ, (5)
where, Dwxy [N/km] denotes the drag of tether on x-y plane due to wind. W [N/km] is the weight of tether for unit
length. The governing equation is ﬁnally derived by using eqs. (2), (4), and (5) as follows.
d
dz
⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
T
θ
x
y
s
⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
=
⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
Dwxy cos θ −W
−Dwxy sin θ +W cot θ
T
cot θ cos φ
cot θ sin φ
csc θ
⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
. (6)
The present Dwxy is deﬁned as the following equation.
Dwxy = CD ·
1
2
ρair(z)w2(z) · S ref . (7)
CD is the drag coeﬃcient of cylinder. ρair(z) [kg/m3] is the air density with altitude z. w(z) [m/sec] is wind speed
with altitude z. S ref [m2] denotes the reference area of tether. The cross section of the present tether is assumed as the
circle with the diameter of 50 [mm].
The initial conditions to connect between airship and tether at the upper edge of tether are considered in order to
analyze eq. (6) for T and θ. When the tension at the upper edge of tether is deﬁned as T0 and also the inclination
angle at the upper edge of tether is deﬁne as θ0, the initial conditions can be geometrically considered as the following
equations, respectively.
T0 =
√
(L + B)2 + D2, (8)
tan θ0 =
L + B
D
. (9)
L, B, and D respectively describe the lift, the buoyancy, and the drag of airship.
(a) (b)
Figure 3. Wind data for the present analysis. (a) Wind data regarding speed and direction as the input for analysis under the condition of windstorm
from the meteorological agency in Japan. The plots are the exact data and the black curve is proximate B-spline. (b) Visualization of the data
shown in (a) on a two-dimensional plane. Length describes wind speed. As direction corresponds to map one, 90 [deg] shows the north direction.
Color denotes altitude.
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3.2. Computational conditions
Computational conditions regarding tether will be summarized. CD, which is largely estimated due to tolerance, is
set to be 1.5 from the drag coeﬃcient of the ﬂow around a three-dimensional cylinder under Re ∼ 105∼7. Interpolation
data based on that of the meteorological agency in Japan is employed for w(z). Since the diameter of 50 [mm] for
tether is assumed, S ref is set to be 50 [m2]. The weight of the tether is also assumed as 3 × 103 [kg/km].
On the other hand, the computational conditions regarding airship will be also summarized. The drag coeﬃcient
of the airship is set to be 0.06. Wind speed for airship is set to be 50 [m/sec], which is the maximum value in the
present wind data. Indeed, Fig. 3 shows that the stratosphere around the altitude of 20 [km] has wind speed under
40 [m/sec], however, the present analysis is performed under tolerant condition. As it is considered that the present
airship has the buoyancy of 160 [ton]. The present study assumes to use hydrogen H2 for ﬂoating gas of airship. H2,
which there is a large diﬀerence between H2 and air regarding density, is avoided employing due to easy ignition.
However, it is considerable that the safety for ignition can be secured in the condition to generate the body without
spark due to the idea of the manufacture manner for membrane structure. Therefore, the following equation can be
considered between the buoyancy B and the volume V of airship with air density ρair and hydrogen density ρH2 .
B = V(ρair(z) − ρH2(z)) (10)
Since the reference area of the airship is deﬁned as V2/3, eq. (10) gives it. When B is 160 [ton], V is roughly 1.4× 106
[m3]. The friction drag is minimum when the ratio between the major and minor axes is set to be roughly 3.9 in the
case that the shape of an airship is spheroid[14]. Thereupon, the minor axis is approximately 40 [m].
4. Results
Figure 4 shows that the behavior of the tether in the cases that the lift of airship is zero and the lift of airship is
equal to the buoyancy of it. This ﬁgure reveals that the order of the advection distance of the airship is 100 [km] from
a connecting point on the ground even when an airship does not develop lift under the condition of a windstorm. Note
that the essential point of this order of the advection distance depends on a small number of 0.06 as the drag coeﬃcient
Figure 4. Computational results of behavior of tether for axisymmetric and hybrid airships. Whereas the primary color describes the result for
axisymmetric airship (lift of 0), the obscure color describes the result for hybrid airship (lift is equal to buoyancy). Red shows the three-dimensional
behavior of tether, green shows the result that the three-dimensional behavior of tether is projected onto x-y plane, blue shows the result projected
onto x-z plane, and cyan shows the result projected onto y-z plane, respectively The origin is set to be a connecting point on the ground.
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of an airship. Furthermore, Fig. 4 also demonstrates that the lift developed by hybrid airship reduces the advection
distance. The transformation of tether for wind corresponds to the wind speed and wind direction.
Consequently, the advection distance of captive platform system becomes non-linear. That is, since the eﬃcacy
of the restriction of the advection distance is large when the generation of lift is considered for the representative
axisymmetric airship because of no lift, there is the signiﬁcance of hybrid-type airship regardless of the magnitude of
lift.
Since the stratosphere has the wind with the speed of roughly 20 [m/sec] all the time, the body size can be small
when the hybrid airship with the lift which is roughly equal to the buoyancy is considered. Moreover, the mooring
region in the stratosphere can be also narrowed. It is diﬃcult that balloon ﬂies owing to wind, whereas kite needs
wind to ﬂy. The performance should be achieved in conceptual design of the geometry of the airship to redeem each
disadvantage.
5. Conclusions
Behavior of the tether for the mooring of the captive stratosphere platform using an airship has been analyzed
in order to elucidate the possibility of it. The two types of geometry of the airship were regarded as representative
axisymmetric-type and hybrid-type those so that the diﬀerence of the motion of captive platform system was quantita-
tively investigated. Consequently, it is revealed that the captive platform system system constructed by an airship and
a tether has a possibility because an advection distance of the system under the condition of windstorm is appropriate
due to its order of 100 [km] even when an airship has no lift. Moreover, the eﬀect of the distinction regarding the
aerodynamic performance of the airship on the motion of the system has been quantitatively revealed. The sizing of
the airship will be conceptually designed based on the present knowledge after the deﬁnition of the concrete mission.
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